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C~P~RI 
THE PROBLEM 
The problem that the writer has chosen is directly 
related to the unit in chemistry which describes the 
gas laws, but it is indirectly related to the whole of 
science teaching. The problem concerns creativity: how 
can we encourage or teach it in young people; and how 
can we locate it when it already exists. 
Everyone admits that creativity is strongly related 
to proficiency in the arts, but i~necessity for science 
and scientists is often questioned. Those persons who 
associate science with their high school courses in 
chemistry and physics and nothing else are particularly 
prone to question the validity of teaching or encouraging 
creativity for the scientist. These persons remember 
courses where there was little or no opportunity to hear 
about or to do anything new or different; they performed 
each Wednesday afternoon the traditional experiments 
that chemistry and physics students have been doing since 
the beginning of formal education in the sciences. It 
is unfortunate that they never realized that someone had 
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to be the first to develop electric light bulbs; but 
more important than that, they never realized that 
someone with a spark of creativity may some day find a 
new and better way of accomplishing the same thing. 
One can consider that the problems facing man are 
divisible into two types: those that are analytical and 
have only one right answer , and those that are creative 
and may have many answers. It is this second group 
that is by far the larger, and may in fact include some 
ninety-nine per cent of all the problems facing man~ 
The world must have a population able to meet these 
problems, a population which is creative a s well as 
analytical. It is this goal toward which the writer is 
striving. Everyone is affected by this question of 
2/ 
creativity: a young couple planning a marriage,-the 
J./ housewife doing her daily chores, and the large company 
JJ/ 
looking for a cheaper and better way of doing something. 
2 
I/ John ~.~A.'rnold, "Education for Innovation", unpublished 
paper presented at the M.I .T. Mid-.\merica Conference , 
Chicago, Illinois, February 16, 1957. 
2/ For a good discussion of this, see 
Alex F. Osborn, Your Creative Pow~, Scribners, New York 
1951, PP• 285-287. 
)_/ For an intere·sting account of this, see 
Alex F. Osborn, Wake Up Your Mind, Scribners, New York 
1952, PP• 199-209. 
~/ For a picture of industrial research see 
D.H.Kill efer, ]he Geniu~ ~f )ndus~jal ResearchJ Reinhold 
Publishing Corporation, New York, 1948, PP• i-203. 
The large companies in many phases of advertising and 
industry have taken to the idea of brain-storming, 
which briefly means getting the members of a group 
concerned with one problem together to share all the 
ideas they may have on the solution of the proble,. 
These ideas may include some which are absolutely prepos-
terous, but the chances are good that they will also 
include many which are excellent. 
This sort of approach is whol ly foreign to education 
._, 
as it is commonly practiced , particularly in the sciences. 
Usually the teacher presents the facts, and then the 
students learn them; subsequently they are t ested. Often 
the most creative part of the process will be in the 
testing, rather than in the learning. 
Teaching creativity is not as easy as it seems at 
first glance. The student and his limitations must first 
be considered: if he finds it difficult to widen his 
concept of oxidation of metals to include chlorine in 
an analagous role to oxygen; he will not take quickly to 
any plan which he does not comprehend . The writer has 
chosen to use science fiction as the framework in this 
plan. Average children see so much of alien worlds in 
movies and television, and read so much of it as well, 
that the idea of using science ficti on in the classro~ 
is very plausible. 
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The plan is briefly this: to set up another "world" 
for the students which can be used in learning situations 
as well as for additional problem work and testing. The 
best place to start this in the average chemistry course 
is in the unit on the gas laws. This unit usually comes 
in the third or fourth month of the year, thus allowing 
the students enough time to get into the actual study of 
chemistry, which is challenging enough to the average 
student, before setting sometting unique before them. 
Also, in the average course, the units on oxygen and 
hydrogen are covered first, thus giving the student some 
comprehension of "gases". From this point on, there are 
many opportunities, especially in the descriptive units 
such as those on metals, which will, of course, react 
under certain conditions with the atmosphere of this 
other "world". Subsequent work on the topic, "our 
atmosphere" will also allow much use of this program. 
There are two ways to go about setting up this 
other world. The first is to make it completely 
fictional, where you let the class's imagination ( or 
yours) be stretched to its utmost capacity and set up 
any environment that you can use. The second is to 
pick a location that already exists and is convenient to 
your plan. The writer has decided to use the second, 
bec&use this way the students ~dll be encouraged to 
4 
look up more material on the subject, and yet there will 
be enough empty spaces in the material available to give 
them an opportunity to do some scientific guessing on 
the side. Such a world is Titan, the sixth satellite 
of Saturn. It is large enough to have an atmospher e , 
which, of course, is indispensible for problems on gas 
laws; but best of all, this atmosphere is composed of 
methane and ammonia gases which give plenty of 
opportunity for varied work . Its size is just a little 
larger than our moon's and its gravitational force is 
also comparable to the moon's, so that the many books 
written on the moon's characteristics will be useful. 
One of the immediate problems that arises with a 
subject such as this is: what group is suitable for 
this type of teaching. Is it only for the college 
preparatory student who expects to attend a liberal arts 
college, or is it for everyone? Depending on the type 
of school system in question, there a re the following 
groups which may elect chemistry: the first curriculum 
students preparing for colleges requiring college board 
examinations; the second curriculum students preparing 
for advanced work in a wide variety of schools, including 
junior colleges, nursing programs, and technical schools; 
and the third and/or fourth curriculum students in a 
general course who may elect applied chemistry. 
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Then too, depending on the size of the school, there 
may be only one or perhaps two different courses in 
chemistry offered to include all of the above groups, 
making the question more difficult . The only answer is 
to try the program with each of the classes, using it 
where there seems to be success , omitting it where there 
is obvious failure, and modifying it where the response 
is mixed. This will be, perhaps, the most difficult 
problem connected with the program. The question whether 
or not high creative ability presupposes a high I.Q. 
and/or high marks in class is one that will be further 
discuss~ in a later chapter . 
There are also indirect benefits to be reaped by 
this plan . Often the unit on the gas laws is treated as 
merely theoretical material with little description and 
application, thus making it dull for both students and 
teacher. Rather than stressing rote memory work, this 
6 
plan will encourage the use of the problem-solving 
technique . The student who understands the problems 
involved with inflating a tire in a world of low atmospheric 
pressure as compared to our earth will certainly be on 
the way to a complete comprehension of the unit. 
Any work related to astronomy will also be a source 
of many projects. 'l'itan, for example, is visible in 
small telescopes, thus encouraging t he more mechanically 
7 
minded students to undertake a project on the construction 
of a small telescope. Scale models of Saturn with her 
rings and satellites and drawings of Titan will certainly 
also aid the students' concepts of this other world . 
Astronomy as a subject matter in high school is practically 
nonexistant, yet amateur astronomers with their small 
telescopes supply much of the information on variable 
stars and comets , thus filling in the gaps missed by the 
larger t elescopes . Also, much of the tracking of the 
artificial satellites to be launched during the inter-
national geophysical year of 1957-1958 will be done by 
amateurs, many of whom will be using home-made equipment. 
Cla•swork that bears directly on astronomy ~rill certainly 
encourage students to participate in groups such as these. 
Teachers hesitant to use a plan such as this in 
connection vdth their teaching will undoubtedly ask 
whether a program such as this is really necessary con-
sidering the stress put on science fatr projects in most 
schools. Certainly many of these projects show creativity, 
but the great majority en&ered in most fairs are merely 
copies of work that has been done before. The student 
who does the truly creative work is undoubtedly of the 
group who has creative ability, but merely needs an 
opportunity to use this ability . 
This plan has an advantage for the student that mere 
outside project work does not have: it gives him an 
opportunity to relate this work with classwork. Under 
suitable informal classroom conditions, much value can 
come from ~his type of discussion. More important, 
however, are the students who need encouragement in their 
creative abilities. If they do a science fair project, 
it is usually one that has been previously done, unless 
there is some teacher who i 'S willing to work with them 
individually and encourage their creativity, By using 
a planned program of teaching and encouraging creativity, 
a teacher can see to it that all of his students develop 
and use their imaginations to the best of their abilities. 
CHAPTER II 
RELEVANT RESEARCH 
There are actually two fields closely connected to 
this thesis that deserve consideration. The first is 
the relationship between creativity and science teaching, 
and the second is the use of science fiction in science 
teaching. 
Unfortunately, only limited work has been done in 
the first field in connect ion with science teaching, 
much more has been done in the teaching of other subjects, 
particularly English. There has, however, been interest 
shown in this problem by people conne cted with the 
education of engineers. For example, the General Electric 
Company has run, and is continuing to run, courses in ]} 
creative engineering . The outstanding program in this 
field, however, is the course entitled "Creative 
Engineering" given as part of the mechanical engineering 
department at Massachusetts Institute of Technology by 
Professor John E. Arnold. Since this also concerns the 
use of science fiction in teaching, it will be discussed 
I/ C.F. Hix, Jr., "Creative Engineering Program", Journal 2£ Engineeri~~~tio~, {March, 1955), 45:514-518. 
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later in this chapter. 
At the secondary school level, there is experimental 
work being done on this relationship between creativity 
and science in some schools; but there is little that 
has been published that says more than merely, creativity y 
is good and should be encouraged. 
More work has been done in the use of science fiction 
in education; but again, little from the side of science 
education; rather, it is the English teachers who have 
2/ 
done the most integration in this field.- There are, 
however, a few instances where science fiction has been 
used in conjunction with the science course as extra 
reading material, and the author then has stated that it 
ll 
can develop the imagination. 
There are also, two excellent cases where the 
individual teachers have used sc'ience fiction directly 
with their classroom work. In the first one, the teacher 
I/ For exainp!e ,· see 
Ir.K. Wickware, "Science Teaching and Creativity", 
Educatio~ Leadership, (December, 1952), 10:159-167. 
2/ K. Jenkinson, "Science Fiction in High Schools", Wilson 
tibra£1 Bu~let}n, (October, . l951), 26:158-159. (Includes 
a list of anthologies and s1ngle stor~es.} 
1/ c.c. Smith, "Science Fiction, Asset or Liability?" , 
!he Science Teacher, (October, 1953), 20:233-235. ·-
and 
J.D. Woolever, "Science Fiction or Science Students", 
§cience Education, (December, 1951), 35:284-286. 
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had the students write original science fiction stories 
as a method of learning about the geologic periods. 
There v1ere to be no "men" present, and the student had 
1/ 
freedom to speculate on the type of life present.- In 
the second case, a mathematics teacher used science 
fiction stories as examples of phenomena whose mathe-
matical relationships could be developed by algebra. 
For example, given the strength of one snail, how many 
2/ 
would be necessary to pull a man?-
There is also one example of the use of science 
fict i on in testing which is particularly interesting 
since the test dates from 1929. The items are in the 
Stanford Scientific Aptitude Test for High School and 
College Students and read as follows: 
(1} A scientist on a distant planet, in a 
world different from ours, was trying to discover 
the law governing the behavior of gases. He 
took a certain amount of gas which occupied 
exactly 100 cubic feet, and with a pressure-
gauge found the pressure of the gas wa s 1 lb/ 
sq.in. He then compressed that same amount of 
gas to a volume of 50 cubic feet. At that 
moment the pressure gauge indicated 4 lb/sq.in. 
He proceeded then, co~pressing the gas more and 
more . 
II Jean E. rrooper, "Original Science Fiction Useful in 
Teaching the Geologic Time Table", (2 stories included), 
The American Biologx Teacher, (October, 1954), 16:17-19. 
2/ I. Porges, "Mathematics Motivated Through Science 
~iction'', School Science and Mathematics, (January, 1956) 
56:1-4. 
Below are recorded the results of his experiment . 
The temperature of the gas remained t he same 
throughout the experiment. 
Volume of gas 
-100.0 cu.Tt. 
50.0 " " 
25.0 " " 12.5 ,, " 
2.5 " " 
Pressure 
1 lb.Tsq; in. 
4 " " 
16 " " 
64 " " 
2,500 " " 
A. To what volume, probably, vdll the gas be 
reduced under the pressure of 1,600 lb./sq.in.? 
B. If the gas occupies a volume of V cubic feet, 
when the pressure is P lbs./sq.in., what formula 
will express the probable lmt governing t he 
behavior of gases on that planet? If you use 
a constant in your formula, call ·it K. 
~ - - - - - - - - - -
(2) A physicist upon a distant planet , in 
a world different from ours, noticed that when 
an electric current was passing thrGugh a given 
wire, heat was evolved in the wire. He found 
that when a current of 1 ampere passed through 
the wire for 1 hour~t the amount of heat evolved 
was 100 calories. Below are given the r esults 
of other experiments performed by the physicist. 
Current Time Heat Evolved 
- 1 amperets) 2 hours 400 calorie s 
9 n 2 " 1,200 " 16 
" 3 " 3,600 n l 
" 4 " l, 600 
n 
25 n l n - ,500 n 
l 
" 
10 n 10,000 n 
100 n l n 1,000 
" 
A. How many calories will be evolved by a 
current of 64 amperes in 5 hours? 
B. How many calories Q will be evolved by a 
current of A amperes in T hours? If you use a 
constant in your formula call i~ K. 1/ 
-
!/ D.L. ~~Stanford Scientific Aptitude Test for 
High School and College Students", Stanford University 
Press, Stanford, California, 1929 . 
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It is unfortunate that the truly creative activity 
such as these examination articles is to be found in a 
testing situation rather than in a learning situation. 
The most outstanding example of creativity in close 
relationship to science teaching is Dr. Arnold's program 
in creative engineering which uses science fiction as 
1/ 
the medium. As he has explained,- he felt that his 
students were losing the "humann side of the articles 
they were designing. To solve this problem, he decided 
to create a situation where his students would not be 
able to lose sight of the "people" for whom they were 
designing. These "people" were the inhabitants of the 
fourth planet of Arcturus. 
?:.! Dr. Arnold has published the complete case study 
which includes all of the background material as well 
as many of the designs submitted by his students. !>iuch 
of the background material is in the form of letters 
between his destgn company, The Massachusetts Inter-
galactic Traders, Inc. and Terran Exporting Counsel 
Headquarters, the group who discovered that the re was 
intelligent life on the planet and set up relations with 
13 
I/ The followilig material has been obtained in a discussion 
held by this writer with Dr. Arnold on May 31, 1957. 
2/ John E. Arnold, Case Studx of_Arctu~~~!i, Massach~setts 
Institute of Technology, Cambridge, Massachusetts, 19J3• 
them. A complete picture of these "Methaniansn is 
given, including their average weight, height, and 
body strmcture; their life span; pulse-rate; stimulus-
response time; and other factors. 
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Upon receipt of all this information, the students 
as members of the Massachusetts Interg·alactic Traders, 
Inc. were asked to design household and personal products. 
Objects such as furniture, kitchen equipment, and a small 
personal car were among the designs submitted. 
Seniors from every department are eligible to take 
this course, but the majority are from the field of 
mechanical engineering, with smalleri numbers from 
electrical engineering and physics . Dr. Arnold has not 
done a statistical study of the results achieved, but 
in general, he found that about one-half of the students 
entered in the course had the ability to leave the earth 
as a reference point and use Arcturus IV instead . He 
also found that the best students in the course came 
from the top quarter and the bottom quarter of their 
class. It must be recognized also that the average 
student at Massachusett s Institute of Technology repre-
sents a very high degree of intellectual capacity and 
endeavor. 
There are undoubtedly others who have done and are 
still doing the type of science teaching which encograges 
creativity in young people, but unfortunately, they are 
few. Science fiction does represent , however, one 
method of accomplishing this end. 
15 
CHAPTER III 
A UNIT ON THE GAS LAWS SHOWING HOW THE TF:ACHING 
OF CREATIVITY CAN BE INCLUDED 
This chapter consi sts of an outline of a unit 
that the ~~iter has planned to show how this concept 
of creativity can be included in a unit on the gas 
laws. It is suitable for a college-preparatory class 
in chemistry and covers a time span of two weeks, or 
about eight to ten class periods in the usual schedule. 
It has been developed using the basic educational 
principles and procedures as set forth in the textbook, 
!I 
Fundamenta].s of Se~c.2,_~ag S~oo.l.~e.achin& and in the 
course, The Unit Method . In accordance with this, 
the unit will be presented under the traditional 
topical outline as shown in its table of contents on 
page I e!t . 
There is sufficient material in the unit assign-
17 ~oy o. lBii!ett , Fundamentals of S~da~y School 
'T'eachin~, Houghton Mifflin Company, Boston , 19/;0. 
2/ Roy o. Billett, The Unit Method, Course given in the 
School of Education, Bost on Universit y, second 
se:nester, 1957 . 
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ment to provide a wel l-balanced program with the 
suppl ementary mat erial on creativity that follows af ter 
the unit outline on page ~S . The unit itself does not 
include any of this material; but rather, it is a 
separate entity in itself. This way, the t eaching of 
creativity may be introduced at the most appropriate 
t ime during the unit. 
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TOPIC I 
GENERAL STATEMENT 
Most of us are aware to some degree of the 
general properties of gases. We know that they can 
expand quite easily and fil l a volume many times 
larger than their original volume, and we know that 
they can also contract to fill a very small volume. 
Often they are liq~fied and then we see them in 
steel containers under pressure. 
What is it that allows gases to undergo this 
expansion and contracti on? This question and others 
will be answered in this unit. 
-20-
TOPIC II 
DELIMITATION 
1. A study of the kinetic molecular theory is the 
starting point in this unit: gases are made up of 
molecules just as are solids and liquids, but gas 
molecules in contrast with other molecules are 
relatively far apart and are moving at high velocities. 
2. Since gases vary in volume with temperature and 
pressure , one needs a set of standard conditions 
which can be used as a basis for measurement. 
J. The thermometer and barometer are the scientist 's 
tools for measuring temperat ure and pressure . 
l~. As one keeps the t emperature constant in an 
experiment, he finds that doubling the pressure on a 
gas will decrease its volume by one-half. 
5. The kinetic ~olecular theory explains this 
pressure-volume relationship (Boyle's Law) in terms 
of bombardment of molecules. 
-21-
6. A gas that is collected over water will exert a 
higher pressure than one that is collected over 
mercury. This difference in pressure results from 
the pressure of the water vapor in the experiment. 
7. As one keeps the pressure constant in an experiment, 
he finds that doubling the temperature will double the 
volume. 
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8. The kinetic molecular theory explains t his temper ature-
volume relationship (Charles' Law) in terms of bom-
bardment of molecules. 
9 . Charles found that all gases expand or contract 
l/27Jrd of their original volume for each deer ee chanze 
in t~e Centigrade scale. 
10. Science has found it necessary to invent a new 
temperat ure s cal e for work with gas laws, one with the 
same size degree as the Centigrade scale, but with a 
different starting point. 
11. Boyle's Law and Charles' Law can be combined into 
one law that can be used to calcul ate the volume of a 
gas in problems concerning both a change in pressure 
and a change in temperature . 
12. The liquefaction of gases is accomplished by the 
simultaneous cooling and compressing of a gas. 
13, Each gas possesses some one temperature above which 
it cannot be liquefied, no matter how much pressure is 
applied, This temperat ure is called the critical 
temperature , 
23 
TOPIC III 
LIST OF PROBABLE INCIDENTAL AND INDIRECT LEARNING 
PRODUCTS 
List of Probabl_e_ 4~:q<li_r~c'l?.. _Learn.l;ll&...~z:q,ct~ct~ 
1. An appreciation of the methods of science. 
2. A willingness to perform experiments as a way of 
understanding scientific principles. 
). The development of the healthy attioude that science 
can help in our every-day living. 
4. An attitude of respect towards scientists . 
List of Probab).e_ ~Incid~Jlt.aL~e~~Z:.Ili..I!g_Prodt.tq_~E! 
1. An understanding of the relationship between history 
and science . 
2. An appreciation of the methods of science. 
). An understanding of the relationship between science 
fiction and science. 
-24-
Introduction 
-
TOPIC IV 
UNIT ASSIGNMENT 
Since this is the first unit in the aver age 
chemistry course which is highly mathemati cal in 
nature, the author suggests that the opening exercises 
be done by the instructor himself using the lecture-
demonst r ati on method and giving ample opportunity for 
the students to ask questions. 
This first day will normally include a discussion 
of work to be covered with the indivi dual and group 
assignment s. When this is finished , the instructor can 
begin with the kinetic molecular theory, itself. In 
an advanced group, it might be possi ble to give some 
int r oductor y material to the laws themselves, but 
this would depend on the nature of the class . 
The writer would develop the kinetic :n::>lecular 
theory as follows: 
"All of us have s een some proof that molecules of 
matt er are always in motion. For example, when I un-
stopper this bot:§l,e (ammonium hydroxide ), you can see 
the gas escaping •• • or, in this osmosis experiment 
-25-
{see Figure l) you can see gases and liquids passing 
through a membrane •• • '' 
!eve I o..4u '/;J. h ~ur ----
len ... l u.• ae. c;, •'nvll 'f'lj I) T 
eX pt n',_,r ~-or ___;_ __ ,-.,_t""i~'\-- I.J Cl ~,. 
-;-tH---.:~-G /<-e C'O --~ 5o / u.'h'o 1-1 
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S, """"'·- pev.,..~o.L-ofe MeVJflo>-a...,~ 
Figure 1. Diagram of os experiment 
"Evaporation t akes pla ce becau se :-nol ecules of 
water and other liquids can escape from their surfaces." 
(Figure 2 can be put on the board) 
\.Jo.hr Mu lea.l.l lts 
... up.. -ft.IJ W'l 7-ht 
Surfaet , !=J.,· .,. n-.o f-tc 1..1 !., s 
Ye'hl vd i-ke WI , 
I 
I 
). 
Figure 2. Diagram explaining evaporation 
0 - aJ,. 
,.,..,/eeu les 
X - W0.'1!r 
~,lea~o~o l ts 
"Or, if I open a bottle of perfume over he r e in 
this corner of the room, it won't take long before 
you'll be able to smell it on the other side of the 
room." (This can also be done with mothbal l s.) 
(If the class has seen diffusion as a characteristic 
of hydrogen, this can be repeated as another example 
of molecular motion. If not, it can be omitted.) 
"Because we cannot see the molecules of matter 
in mot.ion, or prove with absolute cer t;aint.y that they 
are moving, we speak of molecular I11otion as a 'cheory- -
the kinetic theory." 
(At this point, it \rill be wise to allow a few minutes 
of questions and discussion.) 
"Pressure is due to the molecules bombarding the 
walls of the container." (Figure 3 can be easily put 
on the blackboard, thus allowing the class to see this 
and understand how total pressure is computed.} 
Figure 3. Diagram showing computation of total pressure 
"The total pressure is the combined effect of all 
collisions." 
27 
Core Activities 
~~
Laboratory_ ExpYj.men~ 
Qptional ~JateA Acti"!At.!.~ 
These three s ections are i ncl uded in the Study Guide 
which begins on page 2.,and is completed on page H . It 
is a s eparate part of this paper, as it is to be 
:nimeographed and handed to the students at the 
beginning of the unit . 
28 
STUDY GUIDE 
Study Guide page 1 
CORE ACTIVITIES 
l . A demonstration of Boyle 's Law to be done by a group 
of three students for the rest of the class~ see 
instructor for more information. 
2. Study the 3 temperature scales and explain the 
conversion from Fahrenheit to Absolute and from Absolute 
to Fahrenheit. (They are on page 5' of this study guide.) 
3 . Write definitions or explanations of the following 
terms: absolute, barometer, standard pressure, 
standard temperature, Tonicelli's experiment, STP. 
4 . Explain the following diagram: 
the. presru.rw 
~f ~e. iir 
(1~41'1'\f+ '/-t, IJ 
l '1 · 11rtc,~ :: 
1'1,7 lbS · 
5. Answer the following questions: 
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a/ Why is the term, "a cubic foot of air" unsatisfactory? 
b/ What happens to the volwne of a gas when (l) the 
Study Guide page 2 
pressure is lowered? (2) the temperature is raised? 
(3) the pressure is raised? (4) the temperature is 
lowered? 
c/ Why can we crowd 100 times as much air in a tank as 
it holds at atmospheric pressure; yet we can't do this 
with water? 
d/ If some hydrogen gas is enclosed in a gas-measuring 
tube , what are the three possibilities concerning its 
pressure compared with that of the air in the room? 
Explain. 
e/ Explain what is meant by the vapor pressure of 
water. 
6. Work problems numbers x--xx on page x of your text 
book xxxxxxxx. 
You will find these problems much easier if 
you follow these examples of the differen·t 
types of problems and the methods of solving 
them: 
TYPE A. CORRECTING A GAS FOR TEMPERATURE ONLY. 
~roblem: A gas measures 50 ml at ·20°C. What will the 
0 
volume be at o C.? 
Steps: 1/ 20° C equals 293° A.; 0° C equals 273° A. 
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2/ The new temperature is lower; therefore, 
the new volume will be less. 
3/ 50 ml times 273/293 equals 46.6 ml ANS . 
TYPE B. CORRECTING FOR PRESSURE ONLY 
Eroblem: A gas measures 50 ml at 750 mm pressure. What 
will the volume be at 760 mm pressure? 
SteEs: 1/ The pressure is to be raised; therefore, the 
new volume will be less. 
2/ 50 ml times 750/760 equals 49.3 ml ANS. 
TYPE C. CORRECTING FOR TEMPERATURE AND PRESSURE 
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Problem: A gas measures 50 ml at 20°C and 750 mm pressure . 
What will the volume be at 0°C and 760 mm pressure (STP)? 
~teEs: 1/ Temperature is to be lowered, therefore we 
multiply by 273/293. 
2/ 50 times 273/293 equals 46.6ml. 
3/ Pressure is to be raised; therefore we 
multiply the partial answer above, 46.6 ml by 750/760. 
4/ 46.6 times 759/760 equals 46.0 ml . ANS. 
TYPE C. AN ALTERNATIVE METHOD OF SOLVING GAS PROBL.EMS 
USING THE GAS EQUATION 
0 
Problem: A gas measured 50 ml at 20 C. and 750 mm 
pressure. What will the volume be at STP? 
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Steps: 1/ The gas equation: 
2/ Substitute the known figures in the equation. 
3/ V' equals 46.0 ml. ANS. 
* 
7. Prepare a report on the life of Boyle, or the life 
of Charles. (see Bibliography C: #' S 2,3,4.) 
* {to the t eacheJ:t This method pf presenting problem 
solving will allow the students to pay very close 
attention to the board-work as they will not need to 
take notes.) 
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0 
Fahrenheit 
674.6 
626 
212 
173 .3 
98.6 
32 
0 
- 40 
0 
-313.6 
-428 
- 452 ~- 459.4 
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Centigrade 
357 
330, 
100 
78.5 
37 
0 
-40 
-192 
-252.8 
-268.9 
~-273 
0 
Absolute 
630 Hg boils 
603 H2SO4 boils 
373 Water boils 
351.5Alcoho1 boils 
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310 Body temperat ure 
273 Water freezes 
233 Hg freezes 
81 Liquid air boils 
20 H? boils 
4 He boils 
-=---- 0 
Study Guide page 6 
LABORATORY EXPERIMENT 
CHARLES' LAW: The volume of a given mass of gas is 
directly proportional to its absolute temperature at 
constant pressure. 
!PPara~u~ and_Materi~~: Ring stand with ring, Bunsen 
burner, beaker, round bottom flask, (Florence), two 
holed rubber stopper, glass tubing, 2 large test tubes 
fitted with one holed rubber stoppers, thermometer, 
piece of cloth, concentrated HCl, concentrated NH4on. 
Wa~~----------------+ 
1. Insert the thermometer and a straight piece of glass 
tubing 20--30 em long into the two holed rubber stopper 
as shown in the illustration. Then insert the stopper 
into the flask. So that the thermomete r will record 
the temperature inside the flask1 make sure that the 
35 
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bulb is well inside the flask, but not touching the 
glass. 
2. Set up the ring stand and place a beaker of water 
directly under the ring. The water may be colored 
with a dye to make it easier to observe. 
J. Invert the flask so that the neck of the flask 
passes through the ring and the end of the glass 
tube is immersed in the water. 
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4. Record the temperature indicated on the thermometer . 
Then heat the flask slowly and carefully with the burner. 
To heat the flask evenly all over, keep moving the 
burner. 
5. Record the results and the temperature indicated 
by the thermometer after heating for 10 minutes. 
6. Now cool the flask by placing a cold, wet cloth 
on it. After a moment, remove the cloth, r&Wet it 
with cold water, and replace. Repeat this operation 
several times. Record the new temperature reading. 
7. Record what happens to the water as the flask is 
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cooled. 
WHEN FINISHED WITH EXPERIMENT, ANSWER THE FOLLOWI NG 
QUESTIONS 
l . When the flask is heated, what do the escaping air 
bubbles indicate? 
2 . Explain why water rose in the tubing when the flask 
was cooled? 
3. Write an algebraic statement of Charles' Law using 
V to indicate volume and T to indicate temperature . 
4. Calculate the absolute temperature of t he air in 
the flask before heating and after heating. 
5. If the flask contained 500 ml of air to begin with, 
calculate the volume of air that escaped at the end 
of the period of heating. 
6. If the flask you were working with had a volume of 
500 ml and you cooled it 50 degrees c. lower than the 
original temperature , how much water might you have 
expected to find in the flask when the experiment wa s 
completed? 
7. What would have happened if helium instead of air 
had been in the flask? 
$. Is it desirable for an automobile driver to know 
something about Charles' Law? Explain. 
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9. If the flask in the experiment were stoppered-up 
tightly and no gas were allowed to escape, what would 
happen inside the flask when the temperature was 
raised? 
10. What is the name of the law that describes this 
behavior? 
11. Write an algebraic statement of this law, using P 
oo indicate pressure and T to indicate temperature. 
12. If an automobile had 30 pounds per square inch 
pressure in its tires on a day when the temperature 
was 20oc. and it were driven until the temperature of 
the tires had risen to 60°0., what would the pressure 
in the tires become? 
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OPTIONAL RELATED ACTIVITIES 
1·. Write a science fiction story showing problems 
similar to the type encountered in this unit. Use 
an environment with a methane--ammonia atmosphere 
such as those found on the outer planets of our 
solar system. 
2. Hydrogen and oxygen explode violently when ignited. 
Suggest a possible method of employing such a mixture 
for driving an automobile. 
3. A compressed air tank at a filling station holds 5 
cubic feet of air at a pressure of 120 pounds per square 
inch. How many tires having a volume of one cubic foot 
each can be filled to a pressure of 30 pounds per square 
inch from the tank? (Assume no air escapes or is 
wasted.) 
4. A sample of gas was analyzed: 
Data Original After Removipg 02 
volume 45.2 ml. 33.4 m1. 
temperature 17°C. 11° c. 
barometer 752 mm. 764 mm. 
level (high) 50 mm. 60 mm. 
(Water was used) 
What was the % of 0 in the original gas? Can you 
2 
tell what the original gas was? 
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5. Explain why the stopper of an empty bottle may pop 
out if the bottle is placed in the sunshine? 
6. Why is it advisable to use mercury rather than water 
for making a baromet er? Do you think a barometer could 
be made by using water? 
7. Examine the reagent bottles on the laboratory shelf 
and note the white "dust" or ammonium chloride which 
accumulates when ammonium hydroxide and hydrochloric 
acid are near each other on the shelf. ~ich of these 
bottles collects most of the "dust"? Explain. 
$. Show that molecules are in motion by adding a few 
drops of liquid bromine to a large flask. Stopper 
the flask. (Caution: do not get any bromine on your 
fingers as it burns badly.) 
9. Examine the laboratory barometer closely and note 
the refinement of construction to secure accurate 
readings. Do not change any of the adjustments on 
the instrument. 
10. Wh~pressure must be applied to force 4 grams of 
carbon dioxide into a cylinder with a capacity of l 
0 liter at a temperature of 20 c. 
11. A toy balloon has a volume of 1450 ml when it is 
filled with hydrogen at a temperature of 17P C and a 
pressure of 750 mm. It rises to an altitude where the 
temperature falls to -23°c. and the pressure is 300 mm. 
40 
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What is its volume? 
12. A baker kneads 60 cubic inches of air into the 
dough for a loaf of bread. The temperature is 27°C. 
Assuming that ten per cent of the gas escapes during 
baking, to what volume will the gas in the brea d 
expand if the temperature is 177°C. ? 
41 
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!· General Chemistry Textbooks 
1. Bayles, Ernest E. and Arthur L. Mills, Basic Che~stty. 
MacMillan Co., New York, 1947. pp. 181-19) and 
appendix. 
2. Black, Newton Henry and James B. Conant, New Practical 
Chemistrx, Mac~tillan Co., lew York, 1936. Appendix. 
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1954. pp. 56-66. 
5. Jaffe, Bernard, New World of Chemist~. 
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6. Lanford, Oscar E., ~sin~ Ch~istrr, McGraw-Hill Book 
Co., New York, 1955. pp. 7 -89. 
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2. "College Chemistry in the Laboratory" , Lloyd E. 
Malin and Harper W. Frantz. W.H. Freeman and Co., San 
Francisco , 1954. PP• 71-78. 
3. "Laboratory Manual for Using Chemist~" by Everett 
M. Ferris and Oscar E. Lanford. McGraw- ill Book 
Company, New York, 1956. pp. 27-28. 
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c. Other Reference s 
----- ·-
1. Holmes, Harry N., Out of the Test Tube. {This is 
the fourth edition of an interesting survey of chemistry.) 
2. Jaffe, Bernard., Crucibles, {Avogadro's contribution 
to chemistry is discussed in chapter 9.) 
3. Leonard, Crusades of Chemistry. (Chapter V tells 
the story of Boyle andliis discoveries. 
4. Moore and Hall. History of ChemistJI. {Chapter IV 
tells of Boyle and his contemporaries. 
5. Perrin, Jean B. Atoms. (This book contains the 
experimental verificati on of Avogadro's hypothesi s .) 
6. Reason, H. A. The Road to Science (Part II of this 
book relates tpe high points of modern chemistry.) 
• 
(To the teacher) More details of the optional related 
activities included in your teaching and specific 
references may be easily kept in a card-catalog system. 
This will eliminate much mimeogra phing, and yet enable 
the students to find the material quickly. 
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TOPIC V 
UNIT TEST 
Since students can so easily memorize a formula 
and therby work problems without really understanding 
the chemistry behind the solution, the writer suggests 
the use of two tests for this unit: one to be made up 
of the usual problems, and the other to consist of 
comprehension-type questions. 
The first type of test is not included in this 
section, because it is easily available in any text-
book or workbook on chemistry. The teacher can very 
easily find as many problems as he likes and can use 
them in groups of two or three as qu~es, or in 
groups of ten or twelve as regular unit examinations. 
The following test is an example of a comprehensive 
examination on the gas laws: 
Explain in terms of the kinetic molecular theory: 
1. how gases produce pressure 
2. Boyle's Law 
3. Charles' Law 
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~ample Answers to Unit ~est on Gas Laws 
1. Gases are made up of particles called molecules 
which are quite far apart. Pressure is due to these 
particles bombarding the walls of the container. Since 
the particles are all moving in all directions; and 
since, on the average, equal numbers of molecules are 
travelli ng in all directions, equal pressures are 
exerted on the bottom, top, and sides of the container. 
The combined effect of these collisions on a unit area 
is the total pressure. 
2. If the particles are enclosed in a smaller space 
(a decrease in volume) the collisions with the walls 
become more frequent; and therefore, the pressure is 
increased . Conversely, if the gas is in a larger 
space; there are fewer collisions and therefore less 
pressure . 
). If the temperature of the gas is increased , the 
particles will have more energy and will therefore 
move f aster. If the vo~ume remains constant, there 
will be more collisions and consequently a greater 
pressure. Conversely, a lower temperature will produce 
fewer collisions in the same volume, and therefore a 
hwer pressure. 
Scoring P£~£~~~r Unit Test on Gas Laws 
1/ 10 points for complete answer 
3 points: molecules far apart 
3 points: molecules bombarding walls 
1 point: equal numbers of molecules t ravelling 
all directions 
in 
1 point: equal pressures on all sides of container 
2 points: total collisions per unit area equals 
total pressure 
2/ 6 points for complete answer 
2 points: smaller volume, more collisions 
2 points: more collisions, more pressure 
2 points: converse 
3/ 6 points for complete answer 
2 points: higher temperature , more collisions in 
same area 
2 points: more collisions , more pressure 
2 points: converse 
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TOPIC VI 
SUGGESTIONS FOR TEACHERS 
The following bibliography will be found useful 
in your preparation for this unit. 
Reference Books 
1. Jaffe, Bernard, Crucibles: The Storz of Chemistrz, 
Fawcett World Library, New York, 1957. 
2. Mason, S.F., Main Currents of Scientific Thought, 
Henry Schuman, New York, 1953. 
3. Wightman, William, The Growth of Scientific Ideas, 
Yale University, New Haven, r95I. 
~cientifi_c Journals 
1. "Liquid Helium", Scientific American, 160, pp. 292-
293, 1936. 
2. "Kinetic Molecular Theory and its Relation to Heat 
Phenomena", Journal of cpem~c~l Education, 12, pp.31-
32, 1935. 
3. "Some Early Thermometers", Journal of Chemical 
§ducation, 11, PP• 448-453, 19)4. 
4. "Temperatures Below One Degree Absolute", Industrial 
~ngineering, 28, pp. 743-750, 1936. 
5. ''The Lowest Temperatures", Journ~l of Che~-~~~ 
~ducation, 13, pp. 173-174, 1936. 
Audio and Visual Aids 
There are no films or filmstrips available for 
this unit according to the index of aids, but the 
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author does not believe that they are necessary for this 
unit. Lectures and demonstrations are the most important 
part of the teaching and can not be omitted . 
Criteria for the Unit 
- ---~~~~--~ 
The teacher will f i nd the following criteria useful 
i n planning his unit on the gas laws . 
Criteria for the Unit of Learning 
1. The Statement must act as a type of introduction and 
al l ow the reader to knovT what the unit covers; what its 
purpose is; and also, if it is not covered elsewhere, 
the class for which the unit is written. 
2. The Delimitation must be in complete s entences and 
be itemized so that a ny one can read it and know 
exact ly wh~t the expected learning products are. 
3. The List of Indirect Learning Products must include 
all ideals and att itudes that the students may adopt 
from the particular unit. 
4. The List of Incidental Learning Products must include 
those lea rning products not specifically covered by 
the unit in the delimitati on which also may be ac cepted 
by the students. 
5. The List of Mater ials and References for the teacher 
must include books, journals , and magazines which are of 
a level above the students' , and specific enough to aid 
the teacher. Any audio-visual aides that are easily 
available to the average classroom teacher should also 
be included. 
Criteria for the Unit of Work 
1. The Unit Assignment must be clearly given, whether 
given orally in class, or written in the study guide. 
Each student should know exactly what is required of 
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him, and what his choices are regarding the core activities 
and the optional related activitie s . 
2 . The Study and Activity Guide should be attract ive, 
neat, with no spelli ng errors, and easy to read. The 
Core Activities should allow for individual differences , 
and the Optional Related Activities should allow for a 
great deal of choice, so that everyone in the class will 
find somethi ng both valuable and stimulating to him. 
3. The Evaluative Exercises should also be complete 
with high validity and reliability. They should be 
e asy to corrent. 
4. The List of Materials and Reference s shoul d be at 
the students' level , but should not be so all-inclusive 
that individual searching is discouraged . It should be 
arranged in such a way as to be easily accessible, as 
for example, in a card catalog. 
This concludes the unit itself. The material that 
follows directly concerns a method of encouraging the 
freativity of young people. It is hoped that the 
teacher will find a suitable place in his teaching of the 
gas laws to use this material to its utmost advantage. 
Boston University 
~1'"1 hi"\ I"\ 1 "'.co W'IM, .......... ..L..: -
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The present · .. rri ter believes that the best time to 
introduce the science fiction material to the class 
would be following the presentation of the kinetic 
molecular theory, Boyle's Law, and Charles' Law; when 
a degree of mastery great enough to do simple problem 
work has been reached. The material may be present ed 
in the following steps: 
1. Introduction and explanation 
2. Presentati on of printed matter 
3. Discussion of 'ritan 
4. Discussion of possibility of life on Titan 
5. Discussion of gas laws on Titan with problems 
6. Homework Assignment 
7. Test 
Introduction and expl.C!natiQ!!. --This is perhaps 
the most difficult part of the plan, but it is also the 
most important. In this section the t eacher must 
explain what is going to happen; and also, why it is 
going to happen. If the latter part is not done com-
pletely, the student s will not understand what is 
expected of them, and most likely, will consider the 
whole program a bit strange . The idea that creativity 
is important and the role it plays in our everyday life 
must be stre s sed. This is best done by giving examples 
of practical problems that the students may one day 
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encounter, or of situations they have already encountere~ 
Then too, the fact that this way of learning is also 
fun should be included. 
Presentation of Erinted matter .--This is done most 
easily by handing the students a mimeographed or 
duplicated sheet of information. An example of this is 
seen in Figure 4. Enough material should be included 
so as to give the students an opportunity to picture 
the satellite in their minds, and thus begin the 
process of creati~e thinking. 
Discussion of Titan.--This is best done by re-
viewing the material of Figure 4 and allowing the 
students to describe the picture they see in their 
minds. Chesley Bonestell, the well-known painter of 
astronomical topics has also painted a picture of y 
Titan which is easily available to the class. Since 
this may be the first time that the students are 
actually asked to imagine something in a classroom, 
difficulty may be experienced here, and the teacher will 
~ For perti nent examples, the reader is referr ed to 
Alex F. Osborn, Your Creative Power, Scribners, New York 
1951, pp. 285-287 especiall)r--
and 
Alex F. Osborn, Wake UE Your 1~nd, Scribners , New York 
1952, pp. 199-209 especia!ly 
2/ Chesley Bonestell and Willy Ley, The Conquest P! 
[~~' The Viking Press, 1952, p. 132. 
THE TITAN STORY 
--~~---·~ ---- .. .. --------
1. Position: sixth satellite of Saturn 
759,000 miles from Saturn 
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2. Description: period of revolution: 15 d., 22 hr., 41 m. 
diameter : 2900 miles 
composition of satellite: ice, metal-
silicates 
composition of its atmosphere: methane, 
ammonia 
color: orange-red 
density: 2.42 (density of water: 1) 
gravitation force: 0.17 
temperaure range: 100°K. to 125°K. 
average temperature : 1180K or -153oc. 
Figure 4. Example of chart giving basic material on the 
subject of Titan 
be wise to start the discussion himself, but to let 
the students carry the discussion once it is started. 
Since this program is also an attempt to identify the 
creative student, enough opportunity must be given to 
allow him to show himself. 
Discussion of possibility of life on T~-~:--This 
may be done in any way the teacher prefers, or omitted 
if desired. This will be an opportunity to see if the 
students are truly creative and start their ideas with-
out using the carbon dioxide--oxygen cycle as it exists 
on earth and without using the penguin or any other 
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coli-weather animal that l i ves here. Perhaps the best 
way to start this discussion would be by asking questions 
such as: what sort of people do you think l i ve in 
this atmosphere? Do you think they look like us? How 
do they breat he? 
J2iscussion _of ~s- la'!L~Il .'ti.t2.!!.--The first problem 
in this section is to determine standard temperature and 
pressure on Titan . These , of course, will be different 
from the corresponding values on earth . A standard 
temperature of 0° Centigrade or 2730 Kelvi n would mean 
nothing in a land where the average temperature is 
-153° c. and water exists only in the frozen state . 
Since the standard temperature is a purely arbit rary 
number, the teacher r~y wish to use the average t em-
perature as t he standar d temperature. 
The standard pressure is a little more difficult 
to compute: since no values for the exact volume of 
11 
atmospher e are available, and since no one has visited 
the satellite and determined the value experimentally ; 
perhaps the best s olution is to create a number. Perhaps, 
!/ For a complete discussi on of Titan's atmosphere see 
Gerald P. Kuiper, Editor, The Atmos~heres of the 
Earth and Planets, The University or-Ghieago Press, 
~hicago; 11954.---[Especially note, pp. 1-15 and 288-
405.) 
the class, itself, would like to try a guess here. 
Regarding the gas laws themselves, there are two 
opportunities: to decide that they are universal and 
therefore the same on Titan as on the earth; or to 
accept the idea that they may differ, and give another 
interpretation. It is the opinion of the writer that 
the first method is to be preferred. Since the first 
aim of any unit on the gas laws is to teach the gas 
laws as they exist here on earth; it will be more 
beneficial to the students to use these same laws, 
than to use other relationships. 
The teacher may find that the easiest way to lead 
these discussions is with a printed sheet such as the 
one shown in Figure 5. 
Homework ~~~nment.--This should consist of 
problems such as those included in Figure 5. As much 
as possible they shouHcover practical problem 
situations such as those in Figure 5, or chemical 
aspects of a trip to Titan such as the follmring: 
Your are doing an experiment on Titan to 
determine Y.Thether or not it is possible 
and profitable to produce oxygen from some 
mercuric oxide which you have found there. 
Your first step is to compute the number 
of liters of oxygen that one gets from 
100 grams of mercuric oxide at STP here on 
e a rth. Your second step is to compute how 
many liters of oxygen this would be on 
Titan. 
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QUESTIONS ON THE TITAN STORY 
----------~----------~·-------- ----------------
1. ~Vhat does the satell ite itself look like? 
2. What do the people (?) look like? 
3. In what physical state are the methane and a~nonia? 
4. How would you compute standard pressure for Titan? 
5. If 16 grams of methane occupy 22.4 liters at STP 
here, what would they occupy at STB on Titan? 
6. Considering Boyle's Law and Charles' Law to hold on 
Titan: if we took tanks of oxygen with us on a trip 
there, each one holding 40 liters of oxygen at STP 
here, what would the volume be on Titan? 
7. Suppose \'le developed a rubber pneumatic tire for use 
there : if it had a gauge pressure of 26 lbs/sq. inch here, 
what would be its gauge pressur e on Titan? 
$ . Suppose we took some balloons to Titan: perhaps for 
weather determinations, if we filled them with hydrogen 
here at a temperature of 60° F. and a pressure of 760 mm 
to a volwne of 1450 ml ., 1!foul d they lreak on Titan? 
Why? What would be the volume there? 
Figure 5. Example of a chart asking questions on the 
subject of Titan 
~.--The question of testing is a difficult one, 
and the individual teacher may prefer not to test the 
students' comprehensi on of the gas l aws by using this 
method, but may prefer to use the traditional problems. 
There is no one answer to the question , and the solution 
depends on the class invol ved . If the teacher does 
decide to use problems of the type already shown, they 
should be broad enough to successfully test both t he 
student who is highly creative and the student that is 
not highly creative. 
It is this writer's opinion that t he unit test 
for the average class should not be one that tests 
creativi ty, since it would be prejudi~ed against the 
student who ha s learned the gas laws and can s olve the 
traditional problems, but who has no abil ity whatsoever 
in creative thinking and is unable to understand and 
partake of "a trip to Titan" . 
59 
CHAPTER IV 
A SHORTENED VERSION OF CHAPTER III WHICH IS SUITABLE FOR 
STATISTICAL ANALYSIS 
As a means of subjecting this program to the test 
of usage, the writer has devised a shortened version 
of the unit which is suitable for statistical analysis. 
This shortened version was given to an actual chemist ry 
class after they had studied the gas laws and knew them 
well as evidenced by a test on them. It was given in 
two class periods separated by a ~; and a scale of 
creativity was then developed for this class. This 
scale of creativity has been correlated with the class's 
I. Q.'s, marks in chemistry, and grade-point average s 
in total science :and mathematics co..1rses taken in high 
school. The class selected was an outstanding col l ege 
preparatory class in a large suburban city. 
The steps in this program have been the same as 
in chapter III with the following exceptions: there was 
no definite homework assignment and no test. Instead 
of the homework assignment the student s were told to 
di sauss the whole idea during the week's intervention 
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between cl a s ses and to bring in any other ideas that 
they developed during the week. The test wa s replaced 
by a questionnaire which will be explained later in 
this chapter. 
Two laboratory periods of forty-five minutes each 
were used , and as the writer was the class 's laboratory 
instructor, she knew the students well . The two classes 
were conducted as seminars, allowing the students to 
suggest any ideas as they thought of them . The writer, 
hersel f , did and said very litt l e once the discussion 
was started , but rather acted as merely a moderator. 
The week before the first class in creativity, the 
writer asked the students, "How many of you read science 
ficti on at all?" This served as an excellent stimulus, 
since most of the class read it to some degree; and the 
following week, t he students entered the class very 
anxious to start in on a new project, the de t ails of 
which they did not know. 
As part of the introduct i o:1, the writer explained 
that this whole progr am had no bearing on the class's 
marks and was simply an experiment in whi ch the writer 
was inter e sted in knowing the class's opinion. The 
regular class teacher was not present during the sessions, 
so that the students realized that t~e program was 
indeed separate from their usual classroom activities. 
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The writer then explained that this was another 
method for lea rning the gas laws and that the st udents 
might prefer it t o the traditional method. The next 
step was to introduce the subject of Titan. This was 
done by first handing out the ~imeographed sheets (see 
Figure 4) which contained the outline of important 
informat ion, and then explaining it. In this particular 
class, that was very easy1 as there are two students \'Tho 
have done considerable work in astronomy and tele scope-
making who were more than anxious to lead the discussion. 
Out of the group of twenty-one, there were six 
who were immediately attract ed to the idea, and interesting-
ly enough, these same six all worked on it during the 
week and came back to the second class with more ideas. 
These six carried the discussion for the description of 
possible life on the planet ; and though others 
participated in the problem work, it was these six again 
who led the discussi on on the gas l aws . This work was 
aided by a second mimeographed sheet . (See Figure 5. ) 
Of these six, there was one who was immediately able to 
make the transition from this world to Titan and think 
in t erms of a life-cycl e different from earth 's. He 
showed a l arge interest in the whole plan; and though 
usually one of the quietest students, he was most anxious 
to speak in these classes . 
,. 
By the end of the second class, the group had 
decided on a race of "Titanianstt made of silicon, 
instead of carbon; whose means of communicat ion vm.s 
based on electromagnetic radiations, each person being 
an individual sending-set . They were a population '~th 
no eyes a nd ears a s we have, but instead were surrounded 
by an electromagneti c field which served the same 
purpose. The class did not definitely decide on the 
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type of cycle they wished to use in place of the oxygen-
carbon dioxide one here, but thought that probably the 
methane was inhaled and oxidized by means of oxygen which 
1oight come from plant food. They reasoned that since 
there was oxygen present in oxides m~~ing up the satellite 
itself, it was possible that there was oxygen present in 
some sort of plant life, also. 
At the close of the sec ond class, the writer gave 
the students a questionn~ire , again explaining that it 
had no bearing whatsoever on their marks, and that they 
were to be as precise as they liked in giving their 
opinions of the plan. Judging from the answers 
redeived, the students followed the instructi ons . 
The writer then made up a scale of creativity 
based on the students' participation in class and their 
responses to the questionnaire. It seemed just to 
include class participat ion on the scale, as this group 
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'----~ ... ,.. ..... .... -~---~~--------~ - ;,-- -------- -::.~ 
THE QUESTIONNAIRE 
--~--~------------=------ -· -------------- .... -- ---·- ------ -
THIS IS JUST FOR THE FUN OF IT, AND HAS ABSOLUTELY NO 
BEARING WHATSOEVER ON YOUR MARKS . 
Name: 
Where would you like to go to college? 
In what would you like to major there? 
What would you like to be doing in 10 years? 
Do you read science fiction? Underli ne one: only 
occasional ly, quite a bit, often. 
Are you interested in astronomy? Underline one: just 
generally, mi l dl y interested , really f ascinated . 
Do you have any hobbies? What are they? 
Did you think last week's cl ass wa s fun, or just a waste 
of time? (Underline one) 
Would you like to have more classes like it, or do you 
prefer the traditional chemistry classes? 
Would you enjoy taking a whole chemistry course where 
your imagination was challenged? 
Did you ever try to make up something like the story on 
Titan before? 
Can you actuall y picture Titan in your mind? 
Can you imagine a group of "people" living there that 
don't look anything like us? 
What do you suppose they look like? If you can: describe 
them, if not, leave this blank. 
--- - -....---. .-- -- . -~--~--- ........_..-.......- ... --.-. 
THE QUESTI ONNAI RE , con't. 
Do you think some problem work l i ke we did last we ek 
could help you learn the gas laws and other related 
sections in your chemistry course? Yes or no. 
Suppose as par t of a chemistry revie\'1 cla s s you were asked 
to work out some probl ems on the gas l aws, and you Y.te r e 
given the choice of working group A or group B. Which 
would you choose and why? 
Group A 
1. Considering Boyle's Law and Cha rles' Law to hold on 
Titan: what would be the volume of the gas in the tanks 
of oxygen we took for breathing on Titan, i f they ~eld 
50 l i t ers of oxygen at STP here? 
2. You are doing an experiment on Titan to deter mine 
whether or not it is possible and profitabl e to produce 
oxygen from some mercuric oxide which you have found 
there. Your first step is to comput e the number of 
liters of oxygen t hat one gets from 100 grams of Mercuric 
oxide at STP here on earth. 
3. Your second s tep is to compute how many liters of 
oxygen this would be on Titan. 
Group B 
1. §educe to st~ndard conditions: 950 ml. of gas at 
-33 C. and 700 mm. pressure . 
2. One hundred grams of potassium chlora t e wil l pr oduce 
how many l i ter s of oxygen at STP? 
3. Given 100 ml. of gas measured at 60°C. and 380 mm. 
pressure , what volume will the gas occupy at STP? 
-~~----- - ~-~-------·--·--~-- ----------- -
Figure G. Sample of a questionnaire on Titan. 
is one that is quite gregarious and enjoys cl ass 
discussions. 
The points for the scal e of creativity ranged from 
1 to 27 and were allotted as follows: 
A. Number ~!~ints for class <fl~~ussio~ 
maximum for first week: e points 
maximum for second \~eek: 8 points 
abilit y to leave earth as framework: e points 
very good ideas with earth as framework: 5 points 
generally good ideas: 2 points 
B. Number of ,EOints for_9uestionn~.m~~ 
maximum : 11 points 
prefers imaginative class : 1 point 
would enjoy whole course based on teaching creativ-
ity: 1 point 
has done this before: 1 point 
can picture Titan: 1 point 
can i magine people: 1 point 
can describe them: 1 or 2 points 
feels this is useful for learning: 1 point 
selected group A: 1 point 
gave good reason for selecting A; 1 or 2 points 
By totalling the number of points for each student, it 
was possible to arrive at each student's scale value . 
These ranged from 1 to 27 points and are presented in 
Table 1. 
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Table 1. The Statistical Record of the Experimental 
Class 
-------------------~----------------
-------~--
Score on 
Otis Scale of 
Number Sex I.Q. Creativity 
_{1) 
1 . 
2 . 
3. 
4. 
r: 
.,~ . 
6 . 
7. 
e. 
9 . 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17 . 
18. 
19. 
20 . 
21. 
:J2r13) 
F 133 
M 132 
M 132 
M 131 
M 131 
M 129 
M 128 
M 127 
F 126 
M 125 
M 125 
M 124 
M 124 
F 124 
M 123 
M 122 
F 122 
M 121 
M 120 
M 116 
M 112 
(4) 
3 
3 
22 
4 
10 
15 
7 
6 
9 
9 
5 
13 
1 
8 
4 
6 
4 
3 
7 
18 
27 
-~·- --..._- ·-
Grade Point 
Average in 
Grade in Science and 
Chemistry Mathematics 
86 
89 
85 
79 
82 
89 
89 
90 
79 
77 
76 
85 
89 
79 
84 
92 
76 
85 
74 86 
82 
3.17 
3 .80 
3.83 
3.17 
3.67 
3. 83 
3.80 
3.67 
3.17 
3. 50 
2.77 
3.50 
4.00 
3.50 
3.34 
3.80 
3.50 
3.34 
3.50 
3.34 
3.83 
-------------------------------------------------
Statistical correlations were then done with the 
scale of creativity for the Otis I. Q. score, the grade 
in chemistry, and the grade point averages in science 
and mathematics for each student. The coefficients of 
correlations may be found in Table 2. 
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Table 2. The Coefficients of Correlation 
~-- . · --~----~~~ 
Score on Scale of 
Creativ~~ 
otis r. Q. score . .. ::::-: .. .. ::.::-:c:76 · ---U~H 
Grade in Chemistry ••• ••••••••••••• 0. 33 
Grade-Point Average 
in Science and Mathematics •••••••• C.71 
It must be recognized that statistical analysis 
on a group as small as twenty-one is at best an 
approximation of the results of a larger group. With 
this small group, just one talented foreign student 
with a large enough deficiency in English to cause a 
low I. Q. score can upset the final coeff icient. There-
f ore, this piece of statistical analysis is only a 
small indication of the true relationship between I. Q. 
score, grades in chemistry, grade-point averages in 
science and mathematics, and the degree of creativity a 
student possesses. 
It must also be realized that this thesis represents 
a starting point for the author. Much work remains to be 
done in encouraging and teaching creativity both in other 
units of the chemistry course and in other courses of the 
high school curriculum. The author hopes that ther e will 
be others who ~dll be interested in pursuing further this 
very important problem facing our educative system . 
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C~P~RV 
CONCLUSION 
The problem has been to try to encourage the 
creativity of students. Science fiction has been used 
as a means of turning minds from the ordinary approaches 
to scientific problems towards new and more fruitful 
directions. The resources currently at our disposal are 
capable of almost limitless exploitation; if only we can 
develop minds flexible enough to meet the challenge. 
Louis Pasteur is a case in point. Although he was 
not the first man to dream of the microscopic world from 
which the germ theory of disease was developed, he is 
credited with having the broad vision necessary to solve 
the problems, which, in his day, were insoluble by the 
greatest minds working in old, worn-out channels. 
Just as Pasteur had the creative ability to think 
that an infinitesimally small world coul~ be the cause 
of man's success and failure; so th~s writer believes 
that one infinitesimally large can be used to the young 
student's advantage. 
The satellite Titan was chosen as a ground to free 
the thou~hts of s t udents from traditional views and to 
0 
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urge them to explore new means of comprehending and 
controlling nature. 
Lest the freedom get out of control at too early a 
time in the student's career , the Titan experiment was 
placed in the confines of a common unit on the gas l aws 
that requires the us e of techniques that have already 
been proven profitable . The teacher has been off ered the 
choice as to where to introduce Titan in the unit in 
order t o adapt the program to the cl ass 's special 
needs, thus making the program more beneficial . 
In conclusion, it can be said t hat the au·thor has 
found one way of introducing the tea ching of creativity 
into the chemistry curriculUJ.11. The method has been used 
on a small scale and fo~nd successful; its use on a 
larger scale, however , remains to be seen. In addition 
to this, work was al so done on test ing the creative 
abilities of this srune college preparatory cla s s in 
chemistry. A scale of creativity was developed for this 
class and then correlated with t heir Otis I. Q. scores, 
{ r = e. 76); their grades in chemistry, ( r = 0. 33) ; and 
their grade - point averages in science and mathematics, 
(r -:=: 0 .71) . 
The author hopes that this small beginning in 
teaching creativity can be applied to other areas as well 
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as this one; and that the students ~dll be encouraged 
to exercise valuable powers that lay dormant during much 
of their acadertic training. 
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